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(54) Motor stator structure 

(57) The invention provides a small-type motor 
where the assembly of conductors into slots is straight- 
forward, the space factor for the conductors within the 
slot is high, ohmic loss is reduced and cooling is supe- 
rior. 

To achieve this, a motor stator structure where a 
plurality of slots 3 are formed pointing in an axial direc- 
tion at the inner peripheral surface of a cylindrical stator 
core 2 and conductors 5 of substantially the same 
cross-sectional shape as the slots 3 are inserted into 
the slots 3. 
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Description 

[0001] The present invention relates to a structure 
for an outer stator of an inner rotor-type motor. 
[0002] A plurality of slots are formed in a circumfer- 
ential direction so as to point along the axial direction at 
the inner surface of a stator core formed in the shape of 
a cylinder for this type of motor, with a plurality of stator 
windings being inserted into one slot. 
[0003] Inserting of the plurality of stator windings in 
line with the cross-sectional shape of the slots is not 
straightforward and gaps occur between the windings 
and the inner surfaces of the slots because windings 
with circular cross-sections are inserted, which it would 
be preferable to avoid. 

[0004] This puts limits on the space factor of a con- 
ductor within a slot, ohmic loss due to the splitting up of 
the volume of the slots is substantial and cooling is poor. 
[0005] In order to resolve the above points, it is the 
object of the present invention to provide a small motor 
where assembly of the conductor into the slot is 
straightforward, the space factor of the conductor within 
the slot is increased and ohmic loss is reduced. 
[0006] In order to achieve the aforementioned, in a 
motor stator structure where a plurality of slots pointing 
in an axial direction are formed at an inner peripheral 
surface of a cylindrical stator core, conductors of sub- 
stantially the same cross-sectional shape as the slots 
are inserted into the slots. 

[0007] A small-type motor where the capacity of the 
slots is effectively utilized, the space factor of the con- 
ductors is raised up to close to 100%, ohmic loss is 
reduced and cooling is superior can therefore be pro- 
vided because the cross-sectional shape of the slots 
and the conductors is substantially equal (including the 
case where the cross-sectional shapes are the same). 
[0008] In the aspect of claim 2, one conductor is 
inserted into each slot of the motor stator structure of 
claim 1 . 

[0009] Because one conductor is inserted into one 
slot, there are no gaps etc. between windings that 
accompany the insertion of a plurality of windings, the 
capacity of the slots is effectively utilized and the space 
factor of the conductor is increased. 
[0010] In the aspect of claim 3, in the motor stator 
structure of claim 1 , the slots of the stator core are rec- 
tangular and long in a radial direction. 
[0011] A large number of slots can therefore be 
formed at the inner surface of the stator core, the 
number of conductors can be increased and motor per- 
formance can therefore be improved. 
[0012] In the aspect of claim 4, in motor stator 
structure of claim 1 or claim 2, the conductors are 
straight bus bars, and joint plates that are arc-shaped 
when viewed from the side are arranged along the side 
surfaces of the stator core, with ends of the joint plates 
being coupled in such a manner as to become riveted to 
the ends of predetermined pairs of bus bars so as to 



form a circuit. 

[0013] The bus bars are straight, which makes 
assembly into the slots of the stator core straightfor- 
ward. 

5 [0014] It is not necessary to bend the ends of the 
bus bar for coupling because joint plates for coupling 
prescribed pairs of bus bars are used for this purpose 
and there is therefore no inconvenience even when the 
cross-sectional area of the bus bars is made sufficiently 

10 large. Accordingly, a substantial space factor can be 
maintained for conductors within the slots of the stator 
core. 

[001 5] The joint plates are arc-shaped when viewed 
from the side and are therefore arranged on substan- 
15 tially concentric circles at the annular-shaped side sur- 
face of the stator core so as to be flat, and the stator is 
therefore compact. 

[001 6] The joint plate and bus bars are coupled in a 
riveted manner, which makes assembly straightforward 

20 and conductivity high. 

[0017] In the aspect of claim 5, in motor stator 
structure of claim 4, long and short first and second joint 
plates where the ends of the arc-shaped joint plates are 
bent radially inwards in a deformed C-shape and a third 

25 joint plate with ends bent outwards in the circumferential 
direction in a deformed C-shape are arranged on the 
side surfaces of the stator core in prescribed numbers. 
[0018] The entire stator circuit can be constructed 
by coupling pairs of conductors using the three types of 

30 joint plate of the first, second and third joint plates. 
There are therefore few parts and assembly is straight- 
forward. 

[0019] The number of joint plates that are overlaid 
can be made small and the stator can be made compact 
35 because long and short first and second joint plates with 
ends bent radially inwards in a deformed C-shape and a 
third joint plate with ends bent radially outwards in a 
deformed C-shape can be combined on the same sur- 
face. 

40 [0020] The following is a description of the embodi- 
ments of the present invention shown in FIG. 1 to FIG. 
12. 

FIG. 1 is a front view of the outer stator of a d.c. 
45 brushless motor of an embodiment of the present 
invention; 

FIG. 2 is a cross-section taken along line ll-O-ll of 
FIG. 1; 

FIG. 3 is an expanded view of the same outer sta- 
so tor; 

FIG. 4 is a perspective view of a stator core; 

FIG. 5 is a side view of a bus bar; 

FIG. 6 is a front view of the same; 

FIG. 7 is a side view of the first joint plate; 
55 FIG. 8 is a side view of the second joint plate; 

FIG. 9 is a side view of the third joint plate; 

FIG. 1 0 is a cross-sectional view taken along line X- 

Xof FIG. 9; 
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FIG. 11 is a partial perspective view showing a situ- 
ation when assembling bus bars and joint plates at 
the stator core; 

FIG. 1 2 is a perspective view showing part of a cou- 
pling structure for an armature circuit; s 
FIG. 13 is a partial cross-section of a stator of a fur- 
ther embodiment; and 

FIG. 14 is a partial cross-section of a stator of a still 
further embodiment. 

10 

[0021] The motor of this embodiment is a d.c. 
brushless motor where an outer motor 1 comprised of a 
three-phase armature circuit is assembled at the outer 
periphery of an inner rotor that forms afield using a per- 
manent magnet. 15 
[0022] FIG. 1 is a front view with the parts of the 
outer stator 1 omitted, a cross-sectional view is shown 
in FIG. 2, and an expanded view is shown in FIG. 3. 
[0023] A stator core 2 of an outer stator 1 forms a 
flat cylinder, as shown in FIG. 4, with a plurality of slots 20 
3 formed in a circumferential direction being formed at 
the inner surface of the stator core 2 so as to point in an 
axial direction. 

[0024] The cross-sectional shape of one slot 3 is 
substantially rectangular (with rounded corners) and 25 
long in a radial direction. 

[0025] The slot 3 is long in the direction of the diam- 
eter and is narrow widthwise in the circumferential direc- 
tion while maintaining a prescribed cross-sectional 
surface area. A large number of slots 3 of a prescribed 30 
cross-sectional surface area can therefore be formed 
within a fixed length of the inner periphery of the stator 
core 2. 

[0026] Bus bars 5 constituted by straight conduc- 
tors are then inserted one at a time into each slot 3 of 35 
this fixed stator 2. 

[0027] Referring to FIG. 5 and FIG. 6, the cross- 
sections of the bus bars 5 to be inserted into the slots 3 
are substantially the same rectangular shape (specifi- 
cally, elliptical in shape) as the cross-sections of the 40 
slots 3, have a prescribed length longer than the width 
of the stator core 2 in the axial direction, and have 
columnar projections 6 projecting from the center of 
both end surfaces thereof. 

[0028] The bus bars 5 are made of aluminum. 45 
[0029] Joint plates linking the projections 6 of the 
bus bars 5 couple fellow bus bars together. 
[0030] Three types of joint plates are used. A first 
joint plate 1 1 shown in FIG. 7 is an aluminum plate that 
is arc-shaped when viewed from the side with both ends so 
bent inwards in the circumferential direction so as to 
form a C-shape. 

[0031 ] Circular holes 1 1 a and 1 1 a are formed at the 
bent end parts at both ends. 

[0032] A second joint plate 12 is a short aluminum 55 
plate (refer to FIG. 8) slightly shorter than the arc por- 
tion of the first joint plate 1 1 , with identical circular holes 
12a and 12a provided at the bent ends 12a and 12a. 



[0033] A third joint plate 12 is an aluminum plate 
which is generally arc shaped when viewed from the 
side as shown in FIG. 9 with both ends being bent 
inwards in a circumferential direction so as to form a C- 
shape, with holes 13a and 13a provided at both bent 
ends. 

[0034] The distances between circular holes 13a 
and 13a of the third joint plate 13 and between the cir- 
cular holes 12a and 12a of the first joint plate 11 are 
equal. 

[0035] Looking at the cross-section of the circular 
hole 13a, the circular hole 13a has a tapered section 
where the diameter of the hole is made broader towards 
one surface of the circular hole 13a. 
[0036] The circular holes 11a and 12a of the first 
and second joint plates 11 and 12 also have these 
tapered sections. 

[0037] The outer stator 1 is assembled from the sta- 
tor core 2, the plurality of bus bars 5 and the first, sec- 
ond and third joint plates 1 1, 12 and 13. 
[0038] A partially assembled state is shown in FIG. 
1 1. Bus bars 5 are inserted into the slots 3 of the stator 
core 2 and projections 6 and 6 of two prescribed bus 
bars 5 and 5 pass through the circular holes 12a and 
12a of a second joint plate 12 arranged along one side 
of the stator core 2 (the side on this side of the axial 
direction in FIG. 1 1). The ends of the projections 6 and 
6 are then crushed so as to provide a calked coupling. 
The first joint plate 12 and the third joint plate 13 pro- 
vided along the other side of the stator core 2 are also 
coupled in a riveted manner to projections 6 and 6 of 
two prescribed bus bars 5 and 5 in the same manner. 
[0039] The first, second and third joint plates 11,12 
and 13 are arranged so that the tapered sections of the 
circular holes 1 1 a, 1 2a and 1 3a are on the opposite side 
(outer side) to the stator core 2. The tips of the projec- 
tions 6 of the bus bars 5 that pass through the circular 
holes 11a, 12a and 13a are then crushed using a press 
so as to spread out into the tapered sections and pro- 
vide calked coupling (refer to FIG. 2). 
[0040] The work involved in this coupling is there- 
fore straightforward and the surface of the joint plate can 
be kept flat because the riveted portions of the projec- 
tions 6 spread out into the tapered sections and there- 
fore do not project from the surfaces of the joint plates. 
[0041] FIG. 12 shows a continuous coupling struc- 
ture for a single phase armature circuit with the stator 
core 2 omitted. 

[0042] Taking this side in the axial direction in FIG. 
12 as the front side (the front surface of the fixed stator 
2) and the back side as the rear side (the rear surface of 
the stator core 2), a bus bar 5i and a bus bar 5 2 fifteen 
slots around to the right from the bus bar 5t are con- 
nected by the first joint plate 1 1 on the rear side. The 
bus bar 52 and a bus bar 53 thirteen slots back around 
to the left are coupled by the second joint plate 12 at the 
front side. The bus bar 5 3 and a bus bar 5 4 fifteen slots 
around to the right are coupled by a third joint plate 13 
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to the rear side. The bus bar 5 4 and a bus bar 5 5 thirteen 
slots around to the right are coupled at the front side by 
a second joint plate 12. The above coupling cycle is 
then repeated for three and a half cycles until just before 
a complete cycle is made. 5 
[0043] Neighboring bus bars 5 1 and 5 2 , and 5 2 and 
5 4 etc. are structured so that current flows in the same 
direction in neighboring bus bars. 
[0044] This continuous bus bar continuously cou- 
pled structure and another type of bus bar continuously 
coupled structure are shifted with respect to each other 
in a slotwise direction so as to constitute a single-phase 
armature circuit, with a further two phases also being 
provided shifted in a slotwise direction to altogether give 
a three-phase armature circuit. 
[0045] As shown in FIG. 2 and FIG. 3, the second 
joint plate 12 is overlaid at the front surface of the stator 
core 2 with insulating paper sandwiched therebetween, 
and the first joint plate 1 1 and third joint plate 1 3 are pro- 
vided at the rear surface of the stator core 2 with insulat- 
ing paper sandwiched therebetween. 
[0046] The rivet coupling circular holes 1 3a and 1 3a 
of the third joint plate 13 arranged at the rear surface of 
the stator core 2 are, at bent end sections, bent out- 
wards away from the center of the stator core 2 and the 
main body therefore projects slightly inwards towards 
the center of the stator core 2 (refer to FIG. 1 and FIG. 
2). 

[0047] The inner rotor can therefore be inserted 
from the front surface of the stator core 2 without being 
hindered by the third joint plate 13, i.e. it is inserted in 
the direction of the arrow of FIG. 2. 
[0048] Regarding the outer stator 1 of this d.c. 
brushless motor, one bus bar 5 is inserted into one slot 
3 of the stator core 2 and the cross-section of the bus 
bar substantially coincides with the cross-section of the 
slot 3. The capacity within the slot is therefore utilized in 
an effective manner and the space factor of the conduc- 
tor is maximized. 

[0049] Further, the slots 3 are substantially rectan- 
gular so as to be long in the direction of the diameter of 
the fixed core 2 and a large number of slots 3 can be 
formed at the inner peripheral surface of the stator core 
2, so that a large number of bus bars 5 can be inserted. 
[0050] The ends of the bus bars 5 engage with the 
joint plates in a vertical manner and there is therefore no 
need to bend the bus bars themselves. It is therefore 
easy to maintain the cross-sectional area of the bus bar 
5 taken as a conductor and a large space factor can be 
maintained within the slot 3. 

[0051] According to the above configuration, cur- 
rent flows effectively in the armature conductor of the 
bus bar 5, ohmic loss is reduced, superior cooling can 
be maintained and miniaturization can be achieved. 
[0052] The bus bars 5 and the first, second and 
third joint plates 11,12 and 13 are made of aluminum 
and are therefore lightweight and cheap. 
[0053] The number of types of members for cou- 



pling the bus bars 5 is low at the three types of the first, 
second and third joint plates 11,12 and 1 3, the bus bars 
5 are directly inserted into the slots 3 in a straightfor- 
ward manner, and the coupling of the first, second and 
third joint plates 11,12 and 13 is achieved by riveting, 
which makes the work involved in assembly easy. 
[0054] The outer stator is also compact because 
the plate-shaped first, second and third joint plates 11, 
12 and 13 are laid onto the sides of the stator core 2. 
[0055] An example of a different shape for the slots 
in the stator core is shown in FIG. 13. 
[0056] A slot 21 of a stator core 20 has a cross-sec- 
tion that is trapezoidal in shape and long in the direction 
of the diameter of the stator core 20, with an outer short 
side being larger than an inner short side of the trape- 
zoid. 

[0057] An aluminum bus bar 22 of a trapezoidal 
cross-sectional shape that is the same as the trapezoi- 
dal cross-sectional shape of the slot 21 is then inserted 
into the slot 21. 

[0058] Prescribed pairs of bus bars 22 and 22 are 
then coupled in the same manner using the joint plates. 
[0059] A small-type motor where the cross-sec- 
tional area of the bus bar 22 taken as a conductor can 
easily be maintained, a large space factor can be main- 
tained within the slot 21 , ohmic loss can be reduced and 
cooling is superior can therefore be provided. 
[0060] A description is now given based on FIG. 14 
of a further embodiment. 

[0061] A stator core 30 has slots 31 rectangular in 
cross-section and being long in the direction of the 
diameter of the stator core 30, with three bus bars 32, 
each being rectangular in cross-section, being inserted 
into each of the slots 31. 

[0062] The three bus bars 32 are aluminum and 
together have a cross-section substantially equal to the 
cross-section of the rectangular shape of the slot 31 , the 
slot 31 is substantially filled up and the space factor is 
therefore high. 

[0063] Examples of various modifications to the 
cross-sectional shape of the slots can be considered. 
[0064] Further, the insertion of two or four or more 
conductors into a slot can also be considered. 
[0065] In the above, the outer stator is applied to a 
d.c. brushless motor, but can also be applied to use in a 
synchronous motor and other types of motor. 
The invention provides a small-type motor where the 
assembly of conductors into slots is straightforward, the 
space factor for the conductors within the slot is high, 
ohmic loss is reduced and cooling is superior. 
[0066] To achieve this, a motor stator structure 
where a plurality of slots 3 are formed pointing in an 
axial direction at the inner peripheral surface of a cylin- 
drical stator core 2 and conductors 5 of substantially the 
same cross-sectional shape as the slots 3 are inserted 
into the slots 3. 
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Claims 

1. A motor stator structure with a plurality of slots (3) 
pointing in an axial direction formed at an inner 
peripheral surface of a cylindrical stator core (2), s 
wherein conductors (5) of substantially the same 
cross-sectional shape as the slots (3) are inserted 
into the slots (3). 

2. The motor stator structure of claim 1, wherein one 10 
conductor (5) is inserted into each slot. 

3. The motor stator structure of claim 1 , wherein the 
slots (3) of the stator core (2) are rectangular and 
long in a radial direction. 15 

4. The motor stator structure of claim 1 or claim 2, 
wherein the conductors are straight bus bars 
(5;22;32), and 

20 

joint plates (11,12,13) that are arc-shaped 
when viewed from the side are arranged along 
the side surfaces of the stator core (2,20), with 
ends of the joint plates being coupled in such a 
manner as to become riveted to the ends of 25 
predetermined pairs of bus bars (5;22;32) so 
as to form a circuit. 

5. The motor stator structure of claim 4, wherein long 
and short first and second joint plates (11,12) 30 
where the ends of the arc-shaped joint plates are 
bent radially inwards in a deformed C-shape and a 
third joint plate (13) with ends bent outwards in the 
circumferential direction in a deformed C-shape are 
arranged on the side surfaces of the stator core (2) 35 
in prescribed numbers. 
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